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MOBILE COMMUNICATION APPARATUS 
Technical Field 

[000 1] The present invention relates to a communication apparatus used to 
5 commimicate movement-related information between mobile units such as 
vehicles. 

Background Art 

[0002] For instance, one such conventional apparatus used for sending and 
receiving signals between mobile units such as vehicles is described in Patent 

10 . Document 1. With this apparatus, when a vehicle detects information 
regarding traflSc flow and emergencies, etc., the vehicle can transmit the 
information to all vehicles within range of possible wireless transmission. 
[0003] However, high-frequency signals are normally used for wireless 
communication in car-to-car communication systems. Consequently, the 

15 problem is that when there are communication obstacles, such as, for 
instance, bmldings, etc., that shield high-frequency signals, commimication 
with cars in their shadow is rendered impossible. 

[0004] On the other hand, a well-known mobile communication technology, 
called multi-hop wireless network technology, permits communication 

20 between mobile units that cannot communicate with one another directly by 
relaying signals via a plurahty of mobile units. In addition, routing 
protocols have been developed for building routes in various multi-hop 
wireless networks. In other words, communication between mobile units 
and a mobile xmit to which signals cannot be sent directly is made possible by 

25 relaying signals via other mobile units (e.g., see Patent Document 2). 

[0005]Patent Document i: JP 2001-283381A (paragraph 0077 through 
Paragraph 0079, see Fig. 9). 

Patent Document 2: JP 2001-237764A (pages 3 through 7, see Fig. 
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1, Fig. 4, and Fig. 6). 

Disclosure of Invention 

Problem to be Solved by the Invention 

[0006] However, due to the fact that hopping in multi-hop wireless networks 
5 of mobile units happens in a disorderly fashion, the problem is that route 
convergence requires more time, which degrades communication efficiency. 
[0007] The present invention was made with account tals:en of the problems 
mentioned above, and it is an object of the invention to provide a mobile 
communication apparatus permitting highly efficient communication between 
10 mobile units that cannot communicate directly because of signal- shielding 
communication obstacles. 
Means for Solving Problem 

[0008] Features of the inventive mobile communication apparatus intended 
to address the problems consist in including reception means, transmission 

15 means, surroimding environment detection means for detecting whether or 
not there are communication obstacles in the surroundings of a mobile unit, 
communication state decision means for making decisions as to the quaUty of 
the communication state of the mobile unit based on detection results of the 
surrounding environment detection means, and control means for controlling 

20 transmission by the transmission means of information received by the 
reception means based on decision results of the communication state 
decision means. 

[0009] According to these features, the mobile communication apparatus 
makes decisions as to the quahty of the communication state of a mobile unit 
25 depending on whether or not there are communication obstacles in the 
surroundings of the mobile unit. In addition, it controls transmission, by the 
transmission means, of information received by the reception means, that is, 
information hopping, depending on the quaUty of the communication state of 
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the mobile unit. Therefore, it permits control in such a manner that the 
burden of information hopping is preferentially placed on a mobile 
communication apparatus in a satisfactory communication state having no 
communication obstacles in the surroundings of the mobile unit. Carrying 
5 out control in this manner permits more efficient communication as compared 
with the case wherein all mobile units perform hopping in a disorderly 
fashion. Namely, this method permits highly efficient commvmication 
between mobile units that cannot communicate directly because of 
signal- shielding communication obstacles. 

10 [OOlO] In addition, preferably, when the surrounding environment detection 
means detects no commimication obstacles in the surroimdings of a mobile 
imit, the commimication state decision means decides that the mobile unit is 
in a satisfactory communication state, and, at the same time, the control 
means transmits, via the transmission means, information received by the 

15 reception means! and, when the surrounding environment detection means 
detects communication obstacles in the surroundings of a mobile imit, the 
communication state decision means decides that the mobile unit is in an 
unsatisfactory communication state and, at the same time, the control means 
transmits, via the transmission means, the information received by the 

20 reception means only if no information identical to the information is received 
again within a predetermined period of time after its receipt. 
[00 11] In this manner, if the communication state decision means decides 
that the mobile imit is in a satisfactory communication state, the control 
. means carries out transmission of the received information via the 

25 transmission means, i.e. information hopping. Additionally, if the 
communication state decision means decides that the mobile unit is in an 
unsatisfactory communication state, the control means waits for the 
predetermined time period to elapse before hopping, and performs hopping 
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only if the same information is not received again during that time. Namely, 
when the mobile xmit in an unsatisfactory communication state receives 
certain information and then receives the same information during the 
predetermined time period, it decides that during that time period hopping is 
5 performed by other mobile units (mobile imits in a satisfactory 
communication state) and does not perform hopping itself. Therefore, 
comparison between mobile units in an unsatisfactory communication state 
and mobile units in a satisfactory communication state shows that the 
burden of hopping is preferentially placed on the mobile units in a 
10 satisfactory communication state. As a result, more efficient communication 
is made possible in comparison with the case wherein all mobile units 
perform hopping in a disorderly fashion. 

[0012] Furthermore, the surrounding environment detection means 
preferably includes imaging means installed in the mobile unit. It becomes 
15 possible to detect the presence of commimication obstacles, using a simple 
configuration, by the surroimding environment detection means acquiring 
images of the stirroundings of the mobile unit with the help of the imaging 
means. Moreover, the reception means and the transmission means are 
preferably a wireless communication device. 

20 

Best Mode for Carrying Out the Invention 

[0013] The best mode (hereinafter referred to as embodiments as 
appropriate) of carrying out the present invention is explained hereinbelow 
by referring to drawings. Fig. 1 is a block diagram illustrating the 
25 configuration of the inventive mobile communication apparatus 10 (mobile 
communication apparatus). In this embodiment, the mobile communication 
apparatus 10 is installed in vehicles 51 through 57 (mobile units) illustrated 
in Fig. 2. However, mobile units equipped with the mobile communication 
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apparatus 10 are not limited to vehicles. 

[0014] As shown in Fig. 1, the mobile communication apparatus 10 is 
equipped with a wireless transceiver 11 (a transceiver 11 ; reception means, 
transmission means, wireless communication device), a wireless ECU 16 (a 
5 transceiver ECU 16 I control means), a camera 13 (surrounding 
environment detection means, imaging means), an image processing unit 14 
(surrounding environment detection means), and an ECU 15 (communication 
state decision means). Moreover, a navigation unit 21 and a display unit 22 
are connected to the ECU 15 of the mobile commxmication apparatus 10. 

10 [0015] The transceiver 11 carries out wireless commimication (sending and 
receiving of information via an antenna 17 to and from other vehicles located 
within the range in which signals can be transmitted with wireless 
communication output values predetermined for the vehicle's position. 
[0016] The information received by the transceiver 11 is processed by the 

15 transceiver ECU 16 and outputted to the ECU 15, if necessary. Moreover, 
the transceiver ECU 16 transmits various types of information from the 
transceiver 11. Namely, the transceiver ECU 16 transmits information 
directly from the transceiver 11 to all other vehicles within range of possible 
wireless communication. One type of information transmitted by the 

20 transceiver ECU 16 is vehicle information, which describes the location and 
running conditions of a vehicle. 

[0017] Specifically, information describing vehicle position includes the 
heading of the vehicle and the current location of the vehicle (car location 
(latitude and longitude)) detected by the navigation unit 21. Moreover, 
25 information describing the running conditions of the vehicle includes the 
speed of the vehicle, which is detected by a vehicle speed sensor 23. 
[0018] The transceiver ECU 16 then acquires and puts together information 
on the car's location, heading, and speed via the ECU 15 and transmits it at 
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predetermined intervals as vehicle information, with the vehicle ID of the 
vehicle and a data serial nimiher attached thereto. In addition, a data 
transfer number is automatically assigned to the vehicle information data. 
As far as the data transfer number is concerned, n (for instance, an integer 
5 such as 4, 5, etc.) is assigned to data used initially for transmitting the 
vehicle , information of the vehicle, and an (n-l)th number is assigned to data 
transferred &om the vehicle that receives this vehicle information. Namely, 
whenever forwarding takes place, the assigned data transfer number is 
decremented by one. In addition, when the data transfer number of the 
10 received information is larger than 0, the transceiver ECU 16 relays and 
transfers the information (i.e. performs hopping). 

[0019] In addition, when vehicle information is received jfrom other vehicles, 
the transceiver ECU 16 carries out control as to whether or not to transmit 
the vehicle information of other vehicles (hopping) depending on the decision 
15 results obtained by the ECU 15 based on images acquired by the camera 13. 
The processing is described in detail below. 

[0020] The camera 13 is installed, for instance, in the vicinity of the front 
end of the vehicle and can acquire images of the terrain in front of the 
vehicle, as well as images of the terrain to the right and left of it at prescribed 
20 angles. In addition, the camera 13 outputs a video signal containing 
acquired images to the image processing unit 14. 

[0021] Based on the image signal inputted from the camera 13, the image 
processing apparatus 14 detects whether or not there are any communication 
obstacles shielding wireless signals, such as buildings and walls, especially to 
25 the right and left of the vehicle. The detection method is involved in 
obtaining the complexity of the ambient environment based on the 
distribution of luminance variations contained in the image signal. Namely, 
the image processing apparatus 14 segments the acquired image, setting up a 
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plurality of blocks. Next, the operation of segmenting the blocks and setting 
up new blocks is repeated until it is decided that the luminance values of the 
pixels are uniform in each of the blocks that have been set up. The 
complexity of the environment is then computed based on the number of 
5 blocks at which the luminance values of the pixels become uniform. If the 
resiilts of this computation indicate that the complexity is larger than a 
prescribed predetermined value, the presence of communication obstacles is 
detected in the surroundings of the vehicle. The detection residts are then 
outputted to the ECU 15. 

10 [0022] It should be noted that detailed explanations related to the detection 
method are omitted here because the method is described in Japanese Patent 
Apphcation "kokai" No.:2003"067727. It should be noted that techniques 
used to obtain the complexity of the ambient environment are not limited to 
the above-described luminance "based technique, and may be based on 

15 brightness, color difference, hue, chroma, density, etc. contained in the image 
signal. As explained above, in the present invention, the presence of 
communication obstacles can be detected using a simple configuration, i.e. the 
camera 13 and the image processing unit 14. 

[0023] The ECU 15 is constituted by a digital computer provided with logical 
20 circuits such as a CPU (central processing unit) and memories, such as a 
RAM (random-access memory) and a ROM (read-only memory). The ECU 
15 makes decisions as to the quahty of the commimication state of the vehicle 
based on the detection results obtained by the image processing unit 14 
(detection results indicating whether or not there are communication 
25 obstacles in the siirroundings of the vehicle). The processing is described in 
detail below. 

[0024] In addition, as mentioned above, the ECU 15 outputs the information 
on the location of the vehicle obtained firom the navigation imit 21, as well as 



the speed of the vehicle obtained from the vehicle speed sensor 23, to the 
transceiver ECU 16. 

[0025] Moreover, the ECU 15 displays the surrounding environment of the 
vehicle on the display unit 22 based on the vehicle information of other 
5 vehicles inputted from the transceiver ECU 16. An example of the display 
will also be described below. Furthermore, the ECU 15 displays images 
acquired by the camera 13 on the display unit 22. It should be noted that 
the ftinctions of the ECU 15 are not limited to the ones described above. 
[0026] The navigation unit 21 is provided with a navigation ECU 21b, a 

10 current location detector 21c, and a geographical database 21a. The current 
location detector 21c receives radio waves from two or more GPS satelUtes 
and detects the current location of the vehicle. The navigation ECU 21b 
acquires the current location established by the current location detector 21c 
and uses it to detect the heading of the vehicle. It then outputs the detection 

15 results to the ECU 15. 

[0027] The vehicle speed sensor 23 is installed, for instance, in the vicinity of 
the rear wheel shaft of the vehicle. The vehicle speed sensor 23 detects the 
pulses of the transmission and computes the speed of the vehicle. It then 
outputs the results of computation to the ECU 15. 

20 [0028] The display unit 22 is a display arranged in the vicinity of the 
instrument panel inside the vehicle. Although the display unit 22 normally 
functions as a display for the navigation unit 21, the ECU 15 switches it 
between different screens, i.e. a screen used for the navigation unit 21, as 
well as other screens, for instance, screens showing the siu-rounding 

25 environment of the vehicle based on the vehicle information of other vehicles, 
screens showing images acquired by the camera 13, etc. 

[0029] Here, explanations will be provided regarding processing involved in 
decisions concerning the quahty of the communication state of the vehicle. 
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which the ECU 15 makes with reference to Fig. 3. The processing is 
executed repeatedly based on regular interrupts generated at predetermined 
intervals. 

[0030] When the processing shifts to this routine, in step 101, the ECU 15 
5 makes a decision as to the qugdity of the communication state of the vehicle. 
The decision is based on the detection results of the image processing imit 14 
described above. Namely, when the image processing unit 14 detects no 
communication obstacles in the surroundings of the vehicle, the ECU 15 
decides that the vehicle is in a satisfactory communication state and proceeds 
10 to Step 102, and when the image processing apparatus 14 detects 
communication obstacles in the surroundings of the vehicle, the ECU 15 
decides that the vehicle is in an unsatisfactory communication state and 
proceeds to step 103. 

[0031] In Step 102, the ECU 15 sets a high priority hopping flag. In step 
15 103, the ECU 15 sets a low priority hopping flag. The processing is then 
terminated. 

[0032] The processing above will be now explained with reference to vehicles 
51 through 57 illustrated in Fig. 2. Among the vehicles 51 through 57, 
vehicle 52 is located at an intersection and the surroundings (especially, on 

20 the right and left) of the vehicle 52 contain no communication obstacles that 
would shield wireless signals, such as buildings 60, etc. Therefore, in the 
vehicle 52, the ECU 15 decides that the vehicle is in a satisfactory 
communication state and sets a high priority hopping flag. Because the 
surroundings of the vehicles other than 52, such as vehicles 51 and 53 

25 through 57, contain buildings 60, which act as communication obstacles, each 
one of them assumes that it is in an unsatisfactory communication state and 
sets a low priority hopping flag. 

[0033] Next, processing executed by the transceiver ECU 16 in order to 
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control whether or not to transmit vehicle information of other vehicles 
(whether to perform hopping when vehicle information is received from the 
other vehicles is explained with reference to Fig.4. This type of processing is 
also executed repeatedly based on regular interrupts at predetermined 
5 inteirvals. Moreover, it may be executed in response to an interrupt upon 
receipt of vehicle information from another vehicle . 

[0034] When the processing shifts to this routine, in step 201, the 
transceiver ECU 16 decides whether or not vehicle information has been 
received from other vehicles. If it has been received, the unit proceeds to 

10 step 202. The processing is terminated if it has not been received. 

[0035] In step 202, the transceiver ECU 16 decides whether or not a high 
priority hopping flag has been set by the ECU 15. It proceeds to step 203 
and performs hopping if it decides that a high priority hopping flag has been 
set. Namely, the transceiver ECU 16 transmits vehicle information of other 

15 vehicles received by the transceiver 11 serving as the reception means 
through the transceiver 11 serving as the transmission means. The 
transmission is performed without delay. 

[0036] If the transceiver ECU 16 decides in step 202 that a low priority 
hopping flag has been set, it proceeds to step 204. 
20 [0037] In step 204, the transceiver ECU 16 decides whether or not a 
predetermined time period Tl has elapsed since receipt of the vehicle 
information from other vehicles. If it has not elapsed, it returns to step 204, 
and if it has elapsed, it proceeds to step 205. 

[0038] In step 205, the transceiver ECU 16 decides whether or not vehicle 
25 information identical to the already received vehicle information of other 
vehicles has been received again during the predetermined time period Tl. 
Whether the vehicle information is identical or not is decided by matching the 
vehicle ID and the data serial number, which are contained, as mentioned 
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above, in each piece of vehicle information data. When it is decided in step 
205 that the transceiver ECU 16 has received it again, the processing is 
terminated. If the transceiver ECU 16 decides that it has not been received 
again, it proceeds to Step 203 and performs hopping. As explained in Step 
5 202 through Step 205 above, when the transceiver ECU 16 decides that a low 
priority hopping flag has been set, it transmits the vehicle information of the 
other vehicles received by the transceiver 11 serving as the reception nieans 
through the transceiver 11 serving as the transmission means only if the 
same information has not been received again during the predetermined time 

10 period Tl after its receipt. 

[0039] The processing above will be now explained with reference to vehicles 
51 through 57 illustrated in Fig. 2. Here, let us consider a case where the 
transceiver ECU 16 of the vehicle 51 (hereinafter referred to as the 
transceiver ECU 16 (l)) first transmits its own vehicle information. Here, 

15 the transceiver ECU 16 (l) transmits the vehicle information directly firom 
the transceiver 11 to all other vehicles 52, 53, and 54 located within range of 
possible wireless communication (range A, shown with an alternating two-dot 
chain line in Fig. 2). It should be noted that since the vehicles 55, 56, and 57 
are in the shadow of buildings 60 fi-om the viewpoint of the vehicle 51, the 

20 signal from the vehicle 51 does not reach them. 

[0040] Here, the transceiver ECU 16 of the vehicle 52 decides that a high 
priority hopping flag has been set in Step 202, as described above, and 
performs vehicle information hopping for the vehicle 51. As a result, the 
vehicle signal firom the vehicle 51 can be transmitted to the vehicles 55, 56, 

25 and 57. It should be noted that in this case the vehicle information of the 
vehicle 51, for which hopping is done by the vehicle 52, is also transmitted to 
the vehicles 53 and 54. 

[0041] On the other hand, as described above, in Step 202 the transceiver 



12 



ECU 16 of the vehicle 53 (hereinafter referred to as the transceiver ECU 16 
(3)) decides that a low priority hopping flag has been set and proceeds to steps 
204 and 205. Then, in Step 205, the transceiver ECU 16 (3) does not 
perform vehicle information hopping for the vehicle 51 and terminates 
5 processing because information identical to the vehicle information of the 
vehicle 51 has been received again from the vehicle 52 within the 
predetermined time period Tl. It should be noted that what appUes to the 
vehicle 53 apphes also to the vehicle 54. 

[0042] Here, Fig. 5 shows an example of the image displayed on the display 
10 unit 22 by the ECU 15 when the vehicle information of the vehicle 51 is 
received, for instance, in case of the vehicle 55. It shoiild be noted that in 
this embodiment, the information is not transmitted directly from vehicle 51, 
but reaches the vehicle 55 by hopping through the vehicle 52, as described 
above. 

15 [0043] As illustrated in Fig. 5, symbols for the vehicle 55 and the other 
vehicle 51 are displayed on the display unit 22. As a result, the driver of the 
vehicle 55 can be aware of other vehicles approaching from the front right in 
the direction of its movement. In other words, even if information cannot be 
received directly because of commimication obstacles, the vehicle 55 can be 

20 aware of the approach of another vehicle 51, 

[0044] As explained above, the burden of information hopping is 
preferentially put on the mobile communication apparatus 10 installed in the 
vehicle 52, which is in a satisfactory commimication state, free from 
communication obstacles, rather than on the mobile communication 

25 apparatuses 10 installed in the vehicles 53 and 54, which are in an 
unsatisfactory communication state, and, as a result, the mobile 
communication apparatus 10 of the present invention permits more efficient 
communication as compared with the case wherein the communication 
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apparatuses of the vehicles perform hopping in a disorderly fashion. 
Namely, more e£&cient communication is made possible even between 
vehicles that cannot communicate directly because of the buildings 60 that 
shield the signal. 

5 [0045] In this embodiment, the location, heading, and speed of the vehicle 
were included in the vehicle information, but it is not limited thereto. For 
instance, it may contain alarm information generated according to the 
driver's intent or information based on images acquired by the camera 13. 
[0046] In this embodiment, the image processing unit 14 segmented the 

10 acquired image into a plurality of blocks according to the luminance value in 
order to compute the complexity of the image, and, based oh this, to detect 
communication obstacles in the surroundings of the vehicle; however, 
methods used for detecting communication obstacles are not limited thereto. 
Furthermore, detection may be performed using a laser radar, infrared rays, 

15 a sonar, etc., without relying on the images of the camera 13. 

[0047] In this embodiment, communication obstacles in the surroundings of 
the vehicle were detected by the image processing apparatus 14; however, it 
is also possible to use a configuration wherein detection is accomplished with 
the help of the ECU 15. 

20 [0048] In this embodiment, the ECU 15 made decisions concerning the 
communication state of the vehicle and hopping control was carried out by 
the transceiver ECU 16; however, it is also possible to use a configuration, in 
which the corresponding processing is performed by the ECU 15 or by the 
transceiver ECU 16 alone. 

25 [0049] In this embodiment, the transceiver 11 was equipped with both the 
reception means and the transmission means of the present invention; it is 
also possible, however, to use a configuration, in which the two means are 
independent. 
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Industrial Applicability 

[0050] The present invention is applicable to mobile communication methods 
and mobile communication apparatuses permitting highly efficient 
communication even in environments, in which direct communication is 
5 impossible because of signal-shielding communication obstacles during 
communication between mobile units, and to mobile urdts utihzing these 
methods and apparatuses. It should be noted that communication between 
mobile units includes, for instance, communication between cars, between 
mobile devices, between cars and mobile devices, and the invention is 
10 naturally applicable to such cases as well. 
Brief Description of Drawings 
[0051] 

[FIG. l] a block diagram illustrating the configuration of the mobile 
communication apparatus of the present invention, 
15 [FIG. 2] a diagram illustrating a vehicle equipped with the mobile 

communication apparatus of the present invention, 

[FIG. 3] a flow chart illustrating an embodiment of control 
implemented in the mobile communication apparatus of the present 
invention, 

20 [FIG. 4] a flow chart illustrating an embodiment of control 

implemented in the mobile communication apparatus of the present 
invention, 

[FIG. 5] a diagram illustrating an example of display shown on the 
display imit of a vehicle equipped with the mobile commimication apparatus 
25 of the present invention. 



DESCRIPTION OF REFERENCE NUMERALS 
[0052] 
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10 mobile communication apparatus (mobile commimication apparatus) 

11 transceiver (reception means, transmission means) 

13 camera (surrounding environment detection means) 

14 image processing unit (surroxmding environment detection means) 
5 15 ECU (communication state decision means) 

16 transceiver ECU (control means) 

51 vehicle (mobile unit) 

52 vehicle (mobile unit) 

53 vehicle (mobile unit) 
10 54 vehicle (mobile unit) 

55 vehicle (mobile unit) 

56 vehicle (mobile unit) 

57 vehicle (mobile imit) 



